MAY-15-2009 13:04 



ADAMS PATENT 8, TM AGENCY 



Appl.No. 10/587,701 

Amdr. Dated 15 May 2009 

3Rq>ly to Office actios of November 2003 

Atty. Docket No. AP893USN 

AinpnHm ents to the Claims: 



613 2 !e61 ive& 03/18 

CENTRAL FAX CENTER 

MAY 1 5 2009 



This listing of claims will replace all prior versions, and listings, of claims in the application: 

1 , (Previously presented) An array receiver for processing signals received from a plurality 
of transmitting users via an array antenna having an array of N antenna elements providing a set 
of antenna signals (xu X2>»>> *n)» respectively, each comprising information from each user, 
wherein said receiver has 

a common preprocessing section for sampling each of the antenna element signals (xu 
jc 2 ,..., xn) and processing the samples of at least some of said antenna signals to form a plurality 
of basis signals (yo>.», Jm) together having fewer space-time dimensions than the space-time 
dimensions of the combined antenna signals, and 

a plurality of signal processing units each having a plurality of inputs coupled to the 
common preprocessing section for receiving all of the basis signals, each processing unit 
processing and combining said basis signals to produce a respective one of a set of estimated 
received signals (2o»— * *m) each f° r a corresponding desired one of the users, 
the common preprocessing section comprising 

filtering means for combining all of the antenna signals (xi, *2,..., *n) to provide said 

plurality of basis signals fro,..., ^m)> each of the basis signals comprising a different 

combination of the antenna signals, 

each of the signal processing units combining the basis signals to provide a user-specific 
output signal, 

and updating means for periodically updating parameters of the filtering means used for 
deriving each particular basis signal such that each user-specific output signal will exhibit 
a desired optimized concentration of energy of that desired user's received signal as 
received by the array antenna, 



2. (Previously presented) A receiver according to claim 1, wherein the updating means 
comprises means for adjusting said parameters in dependence upon channel characteristics of all 
user channels. 
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3. (Currently amended) A r e c e iver according to claim 1 An array re^]^€rj6y_processing 
signals received from a plurality of transmitting users via an array antenna having an array of N 

antenna elements providin g a set of antenna signals fa,. x r respectively, each comprising 

information from each user. 

wherein said receiver has 

a commo n preprocessing section for sampling each of the antenna element signals (x^ 

x 1 xfl) and pfocessfag the samples_o_f_ atjeast some of said antenna signals to form a plurality 

of basis signals (y$ v^) together having fewer space^time dimensions than the space-time 

dimensions of the combined antenna signals, and 

a plurality of signal processing units each having a plurality of inputs_coupled to the 
cnmmrm preprocessing section for receiving aIl_ofLthe_ basis signals, each processing unit 
processing and combining said basis signals to produce a respective one of a set of estimated 

received signals fen z^i each for a corresponding desired one of the users. 

the common preprocessing section comprising 

filtering means for combining all of the antenna signals (aa^Sk^^ 

plurality of basis signals jfriL gach of the basis signals comprising a different 

combination of the antenna signals, 

each of the signal processing units combining the basis signals t n provide a user-specific 
output signal 

and updating means for periodically updating parameters of the filtering means used for 
deriving each particular basis signal such that each user-specific output signal will exhibit 
a desired optimized concentration of energy of that desired user's received signal as 
received b v the array antenna, and 

wherein each of the processor units comprises means for weighting the basis signals fro,-, .Km) 

before combining same, the weights (woo,*.., w MM ) being adjusted in dependence upon channel 

characteristics of all user channels, 

and the parameters of the filtering means are updated less frequently than the weights 

(woo,-., w M m) of the processor units. 

4, (Previously presented) A receiver according to claim 1, wherein the number of basis 
signals is equal to the number of desired user signals. 
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5. (Previously presented) A receiver according to claim 1, wherein the common 
preprocessing section comprises M+l dominant subspace filters producing a set of basis signals 
y m = [y^i, y^J where m is the index of the filter, and m = 0, 1, ...» M> said basis signals y m 
being projections of the input signals (xu, x^, xil, xu, X22, X2l, xni, x^, xni) onto 
the n dimensions of the subspace occupied by signal m which carry the most energy. 

6. (Currently amended) A r e c e iv e r according to claim 2 An array receiver for processing 
signals received from a plurality of transmitting users via an array an tenna ha ving an array of N 
antenna elements providing a set of antenna signals (x\. x^..... x#)* respectively each com prising 
information from each user, 

wherein said receiver has 

a common preprocessing section for sampling each of the antenna element signals (x\. 

x i Xfi) and process ing the, sample nf at least some_o_f_sai_d_ antenna signals to form a plurality 

of basis signals (vq» ^ , vm) together having fewer space-time dimensions than the space-time 
dimensions of the combined antenna signals, and 

a plurality of signal processing units each having a plurality of inputs coupled to the 
common preprocessing section for receiving all of the basis signals, each processing unit 
processing and combining said basis signals to produce a respective one of a set of estimated 
received signals (zq„<„ z^) each for a corresponding desired one of the users, 
the common preprocessing section comprising 

filtering means for combining all of the antenna signals (xj^ to provide said 

plurality of basis signals fvn flaJL each of the basis signals comprising a different 

WpifrfafttiQn Q f foe ^ntenn^sign^, 

each of the signal processing units combining the basis signals to provide a user-specific 
output signal, 

and updating means for periodically updating parameters of the filtering means used for 
deriving each particular basis signal such that each user-specific output signal will exhibit 
a desired optimized concentration of energy of that desired user's received signal as 
received by the array antenna, 
wherein the updating means comprises 

a training sequence generator for generating a training sequence for the corresponding 
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user, 

covariance matrix estimation means responsive to the training sequence and the antenna 
signals for providing a covariance matrix embodying long-term statistics for the channel of that 
user, and 

eigenvector estimation means for extracting from said covariance matrix at least the 
dominant eigenvector constituting said linear combination, elements of said dominant 
eigenvector being applied to said filtering means as weights for updating said parameters. 

1. (Previously presented) A receiver according to claim 1, wherein the filtering means 
comprises a plurality of filters each comprising a filter matched to a respective one of the desired 
users, 

4 

* 
I 

8, (Previously presented) A receiver for receiving signals from a plurality of transmitting 
users via an array antenna having an array of N antenna elements providing a set of antenna 
signals ( xi, X2_ ... xn), respectively, each comprising information from each user, said receiver 
comprising a common preprocessing section followed by a plurality of receiver sections, each 
corresponding to a different one of the users and coupled to the outputs of the common 
preprocessing section, the preprocessing section sampling each of the antenna signals (jq, X2v«i 

i 

*n) and processing the samples of at least some of said antenna element signals to form a 
plurality of basis signals (y 0 ,..., yu) together having fewer space-time dimensions than the space- 
time dimensions of the combined antenna signals, and a plurality of signal processing units each 
having a plurality of inputs coupled to the common preprocessing section for receiving all of the 
basis signals, each processing unit processing and combining said basis signals to produce a 
respective one of a set of estimated received signals fro,..., *m) each for a corresponding desired 
one of the users, 

the common preprocessing section comprising 

(i) means for maintaining through periodic updates a set of dominant subspace filters, each 
of which being matched to one of the users of interest, and the outputs of which being used by 
the subsequent receiver sections, to be processed and combined in order to yield an estimate of 
the desired signal for each user of interest; 

(ii) means for periodically estimating and/or updating the component weights of the 
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dominant subspace filters by correlation, with a known training sequence or with the user's 
spreading code in a CDMA system or with any other signal strongly correlated with the user of 
interest's signal, in combination with appropriate temporal averaging to isolate subspace-levd 
information, as opposed to instantaneous channel characteristics; and 

(iii) means for periodically or dynamically estimating and/or updating the component weights 
and/or any other parameters of interest of the receiver sections fed from the preprocessing 
section in a manner and at a rate such that instantaneous channel changes are tracked to provide a 
reliable and consistent estimate of the desired signal. 

9, (Previously presented) An array receiver system comprising an array antenna comprising 
a plurality of antenna elements in combination with an array receiver for processing signals 
received from a plurality of transmitting users via said array antenna, said array antenna having 
N antenna elements for providing a set of antenna signals (xi, xfc,... , xn), respectively, each 
comprising information from each user, 
wherein said receiver has 

a common preprocessing section for sampling each of the antenna element signals (xj, 
*2v> *n) and processing the samples of at least some of said antenna signals to form a plurality 
of basis signals Ofo.., j>m) together having fewer space-time dimensions than the space-time 
dimensions of the combined antenna signals, and 

a plurality of signal processing units each having a plurality of inputs coupled to the 
common preprocessing section for receiving all of the basis signals, each processing unit 
processing and combining said basis signals to produce a respective one of a set of estimated 
received signals (zo,..., *m) each for a corresponding desired one of the users, 
the common preprocessing section comprising 

filtering means for combining all of the antenna signals (xi, x 2 ,... y xu) to provide said 

plurality of basis signals (k>>.-., J>m)> each of the basis signals comprising a different 

combination of the antenna signals, 

each of the signal processing units combining the basis signals to provide a user-specific 
output signal) 

and updating means for periodically updating parameters of the filtering means used for 
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deriving each particular basis signal such that each usei^specific output signal will exhibit 
a desired optimized concentration of energy of that desired user's received signal as 
received by the array antenna. 

1 0. (Currently amended) A method of receiving signals from a plurality of transmitting users 
via an array antenna having N antenna elements providing a set of antenna signals (xi, X2>.*.> xs), 
respectively, each comprising information from each user, the method comprising the steps of: 
sampling each of the antenna signals; 

preprocessing the samples of at least some of said antenna element signals X2,-.., xn) 
to form a plurality of basis signals (yov»> J*m) together having fewer space-time dimensions than 
the space-time dimensions of the combined antenna signals, 

processing and combining said basis signals (y<v»» J*m) to produce a set of estimated 
received signals (zo,»*» *m) each f° r a corresponding one of the users, 

the preprocessing including the steps of 

combining all of the antenna signals (x\> as,-, *n) to provide said plurality of 
basis signals (yo,.-, jm) such that each of the basis signals comprises a different combination of 
the antenna signals, 

the processing and combining step comprising the step of combining the basis signals 
(yo».«.* jw) to provide a series of user-specific output signals, 

the method further comprising the step of periodically updating parameters used for 
deriving each particular basis signal such that each user-specific output signal will exhibit 
a desired optimum concentration of energy of the received signal [[if]] ef that particular 
user as received by the array antenna. 

1 L (Previously presented) A method according to claim 10, wherein the updating step adjusts 
said parameters in dependence upon channel characteristics of all user channels. 



12. (Currently amended) A method aocording to claim 10 A method o f receiving signals 
from a plurality of transmitting users via an array antenna ha ving N antenna elements providing a 

set of antenna signals lxy. Xi Xk\ respectively, each comprising information from each 

the method comprising the steps of: 
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sampling each of the antenna signals: 

preprocessing the samples of at least some of said antenna element signals ix^ Jpj ) 
to form a plurality of basis signals (y^ ^^ y^) together having fewer space-time dimensions than 
the space-time dimensions of the combined antenna signals, 

processing and combining said basis signals (vq v^) to produce a set of estimated 

received signals fen z ¥ ) each for a corresponding one of the users, 

the preprocessing including the steps of 

combining all of the antenna signals fig, x? , x#) to provide said plurality of 

basis signals (vn v^l such that each of the basis signals comprises a different combination of 

tt re 3nt^ m.a,.s j jen ^ 

the processing and combining step comprising the step of combining the basis signals 

(m>,,._VM) to provide a. series of user^specific output signals. 

the method further comprising the step of periodically updating parameters used for 
deriving each particular basis signal such that each user-specific output signal will exhibit 
a desired optimum concentration of energy of the received signal ITtfn of that particular 
user as received by the array antenna, 
wherein the updating step adjusts said parameters in dependence upon channel characteristics of 
all user channels, each step of processing the basis signals weights the basis signals before 
combining same, and adjusts the weights in dependence upon channel characteristics of all user 
channels, and wherein the parameters are updated less frequently than the weights. 

13. (Previously presented) A method according to claim 10, wherein the number of basis 
signals is equal to the number of desired user signals. 

14. (Previously presented) A method according to claim 10, wherein the step of preprocessing 
the samples uses M+l dominant subspace filters to produce a set of basis signals y m = [y m ,u 
y^J where m is the index of the filter, and m = 0, 1, M, said basis signals y m being 

projections of the input signals (x n , Xi 2 , xm X2i, X22, x^u *ni, xn2, xnl) onto the \i 

dimensions of the subspace occupied by signal m which carry the most energy 

15. (Currently amended) A m e thod according claim 10 , wher ei n A method of receiving 
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sign als from a plurality of transmitting users via an array an tenna having N antenna elements 

providing a set of antenna signals (x h x 1 jo A respectively, each comprising jqform t^n frgiq 

each user, the method comprising the steps of: 
sampling each of the antenna signals: 

preprocessing the samples of at least some, of said ante nna element signals (xu xy xk) 

to form a plurality of basis signals fvn ^ together having fewer space-time dimensions than 

the space-time dimensions of the combined antenna signals, 

processing and combining said basis signals to v^ to produce a set of estimated 

received signals (z<\ 2^ each for a corresponding one of the users. 

the preprocessing including the steps of 

combining all of the antenna signals (x b x» x^) to provide said plurality of 

basis signals vm) such that each of_the_basis signals co mprises a different combination of 



combining 



the method farther comprising the step of periodically updating parameters used for 
deriving each particular basis signal such that each user-specific output sig nal will exhibit 
a desired optimum concentration of energy of the received signal [[ if] ] of that particular 

■ 

user as received by the array antenna, 
the method further comprising the step of generating a training sequence for each user, as4 



the updating step[[ J] being responsive to the training sequence of a particular user and 
the antenna signals , -- provid es to provide a covariance matrix embodying long-term statistics for 



m 




i 


Mi 



covariance matrix at least the dominant eigenvector, elements of said dominant eigenvector 
being employed for updating said parameters. 

16. (Previously presented) A method according to claim 10, wherein the step of combining all 
of the antenna signals uses a plurality of filters each matched to a respective one of the desired 
users. 
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17, (Previously presented) A method of receiving signals from a plurality of transmitting users 
using an array antenna having an array of antenna elements and a receiver comprised of a 
common prefiltering section followed by a plurality of receiver sections, each corresponding to a 
different one of the users and coupled to the outputs of the common prefiltering section, the 
method comprising the steps of 

(i) maintaining through periodic updates a set of dominant subspace filters, each matched to 
one of the users of interest, and the outputs of which being used by the subsequent receiver 
sections, to be processed and combined in order to yield an estimate of the desired signal for 
each user of interest; 

(ii) periodically estimating and/or updating the component weights of the dominant subspace 
filters by correlation with at least one of (a) a known training sequence, (b) the user's spreading 
code where the method is used in a CDMA system, and (c) any other signal strongly correlated 
with the signal of the user of interest, in combination with appropriate temporal averaging to 
isolate subspace-level information, as opposed to instantaneous channel characteristics; and 

(iii) periodically or dynamically estimating and/or updating the component weights and/or 
any other parameters of interest of the receiver sections fed from the prefiltering section in a 
manner and at a rate such that instantaneous channel changes are tracked to provide a reliable 
and consistent estimate of the desired signal. 
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